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Objectives: To determine the community incidence of knee pain and associated risk factors over a 12-year
period in people over the age of 40 years.
Method: A cohort study of knee pain was undertaken in 2156 people from four general practices in North
Nottinghamshire, UK. Knee pain was deﬁned as ‘pain around the knee for most days of at least a month’.
Cumulative incidence over 12 years and personeyear incidence rate of knee pain were estimated.
Survival analysis was undertaken for time to the onset of knee pain. Hazard ratio (HR) and 95% conﬁ-
dence interval (CI) were estimated for relative risk between exposure and non-exposure. Cox regression
model was used to adjust for confounding factors.
Results: The 12-year cumulative incidence of knee pain was 34.4% (32% for men and 35% for women),
corresponding to an average incidence rate of 32 (31 for men and 34 for women)/1000 personeyears.
Incident knee pain was associated with female gender (HR 1.27, 95% CI 1.08, 1.49), obesity (1.80; 95% CI
1.37, 2.38), varus (1.68, 95% CI 1.15, 2.47) and valgus (1.83, 95% CI 1.05, 3.20) mal-alignment, and knee
injury (2.37, 95% CI 2.98, 2.85).
Conclusions: For people over age 40, one in three will develop knee pain within 12 years. On average, the
risk of knee pain was 32/1000 personeyears. This risk is associated with a variety of constitutional and
environmental biomechanical insults to the knee. Some of these could be modiﬁed to possibly reduce the
incidence of the condition.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Knee pain is a common musculoskeletal complaint and
a leading cause of disability in older people, affecting approxi-
mately one in four people over age 40 in the UK1,2. Knee pain is the
commonest presenting feature of Osteoarthritis (OA)3, although
radiographs are relatively insensitive for detecting structural
changes of OA, and radiographic OA itself is commonly
asymptomatic3e5. In the context of OA, knee pain results from
a complex interplay between structural damage, peripheral and
central pain processing, culture, gender, and psychosocial factors6.
A large number of population-based cohort studies have been
undertaken to examine the incidence and risk factors of radio-
graphically deﬁned OA4,710. However, relatively few cohort studies
have been conducted to investigate the incidence of knee pain perto: W. Zhang, Academic
ences Building, City Hospital,
44-115-8231757.
. Zhang).
s Research Society International. Pse and its causal relationship with radiographic change11e13. The
natural history of knee pain remains substantially unknown. We
therefore undertook this 12-year retrospective cohort study to
determine: (1) the incidence of knee pain within the Nottingham
community; and (2) risk factors that may associate with the
development and time to the onset of knee pain.Patients and methods
All aspects of this study were approved by the Nottinghamshire
County Teaching Primary Care Trust (PCT), Nottingham University
Hospitals NHS Trust and the Nottingham 1 Research Ethics
committee.Recruitment of participants
The cohort was formed from two previous community-based
studies undertaken in four general practices in Nottingham
between 1996 and 20011,14. A total of 13,381 questionnaires were
sent at baseline to people aged 40 or over and 9,429 respondedublished by Elsevier Ltd. All rights reserved.
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knee pain at baseline and 3890 (41%) were still alive and eligible for
the follow-up study after 12 years. A follow-up questionnaire was
sent out during 2007e2008. Exclusion criteria included terminal
illness, psychiatric illness, severe dementia and non-Nottingham
residence. Eligibility was ascertained directly by the participants’
general practice healthcare team.
Questionnaire
At baseline, participants completed a questionnaire to deter-
mine demographic details, general health, knee pain, hip pain, and
back pain. Information about age (years), gender (0¼male,
1¼ female) and body mass index (BMI, kg/m2) was collected at
baseline. The follow-up questionnaire was designed to incorporate
aspects of the original questionnaires, as well as novel areas of
interest. The latter included early-life (i.e., at the age of 20s) varus/
valgus mal-alignment and early-life foot rotation, using validated
line-drawing instruments15. In addition, we also collected infor-
mation with regard to occupational risks (0e4), and previous knee
injury (0¼ no, 1¼ yes) during the last 12 years at follow-up. We
were particularly interested in occupational lifting heavy loads,
kneeling and squatting; which were scored as 0¼ never,
1¼ seldom, 2¼ sometimes, 3¼ often, 4¼ always, and dichotom-
ised as no¼ 0e2 and yes¼ 3e4 as appropriate for the analysis. One
reminder was sent to those who did not respond within 4 weeks.
Knee radiograph assessments
The participants were invited to the clinical assessment after the
questionnaire survey and those that consented and were available
participated in radiographic assessment (n¼ 185). Standardised
weight-bearing fully extended antero-posterior radiographs and
skyline radiographs were taken at baseline on a subset of partici-
pants. Radiographs were undertaken in a single radiology unit
following a standard protocol (50 kVp/5 mAs for tibio-femoral
radiographs and 60 kVp/5 mAs for skyline radiographs). Radio-
graphs were scored by one trained observer (SAD) using HIPAX
Dicom software. The following features were scored: osteophyte
[0e5] and joint space narrowing (JSN) [1 to 5] in all three
compartments of both knees using the Nottingham Logically
Derived Line Drawing Atlas (LDLDA)16; an actual measurement
(mm) of minimum joint space width in each compartment; and an
overall Kellgren and Lawrence (K&L) grade [0e4].
Baseline OA status was determined by examining osteophytes,
JSN and overall K&L score. We undertook person-based analysis,
whereby the index knee used for each participant was based upon
the worst OA scores. Individual OA features, namely osteophyte,
JSN, as well as the overall K&L scores and the risk of knee painwere
analysed separately. Individuals were classiﬁed as people with any
radiographic change (score 1) and people without radiographic
change (score¼ 0 or 1). They were also classiﬁed according to the
compartment involvement: tibio-femoral OA only; patello-femoral
OA only; and OA in both tibio and patello-femoral compartments.
These groups were all compared against individuals who had no
radiographic change (i.e., score 0) for any feature in any
compartment of both knees.
Outcomes: knee pain and time to the onset of knee pain
Knee pain was deﬁned as pain around the knee for most days of
at least amonth. Participants without knee pain in either kneewere
deﬁned as people at risk. Participants were asked to report the
number of months with knee pain for each year in the past 12 years
since the baseline visit. This allowed us to work out whena participant started with the deﬁned knee pain and change of knee
pain. People at risk who developed knee pain in either knee during
the follow-up were deﬁned as incident cases with knee pain. Time
from baseline to the ﬁrst episode of knee pain (i.e., survival time)
was measured for the survival analysis. The survival time was given
as number of years to the onset of knee pain, or the entire follow-up
period if no knee painwas reported. Those that died during follow-
up were included up until the year of death.
Statistical analysis
Cumulative incidence over 12 years was calculated as the
percentage of people at risk at baseline who developed knee pain
during follow-up. In addition, the personeyear incidence rate was
estimated using the number of new cases with knee pain divided by
the total personeyears during follow-up. The personeyears were
calculated using number of people at risk multiplied by the number
of years at risk during the follow-up. We used the Life tables
method for this calculation.
The KaplaneMeier method was used to generate a survival
curve and a log-rank test was used to compare different categories
of each risk factor. The proportional hazards assumption was
examined graphically using the KaplaneMeiermethod for each risk
factor. The Cox proportional hazards model was use to calculate the
hazard ratio (HR), adjusted for confounding factors such as age,
gender and BMI. We selected covariates according to the research
evidence irrespective of the signiﬁcance in the study population.
People who clearly reported having knee pain at follow-up but
failed to recall the approximate time of their ﬁrst event were given
a value of 6 years (themedian of the time to event data). Differences
between the study population; those invited to participate and
responders were tested using a one-way analysis of variance
(ANOVA) with post hoc Bonferroni correction. Statistical signiﬁ-
cance was inferred when P value was less than 0.05, or when the
95% conﬁdence interval (CI) did not include unity.
Results
Of 6559 participants free from knee pain at baseline, 3890 (59%)
were still alive and eligible at follow-up, 2195 responded to the
follow-up questionnaire (response rate 56%) and 2156 (55%) had
data for the incidence analysis (Fig. 1).
At baseline, the characteristics of the cohort were similar to the
source population apart from age (Table I). This was probably due to
death in older people. The responders had no differences from the
total eligible cohort invited for follow-up in age, gender, BMI and
smoking (Table I).
Incidence of knee pain
Of 2,156 with no knee pain at baseline and available for the
incidence analysis, the cumulative incidence in 12 years was
742/2,156 (34.4%). This was similar in men (32%) and women (35%)
(P¼ 0.076), and was not related to age (Ptrend¼ 0.940 and 0.149 for
men and women respectively). The personeyear incidence rate of
knee pain was 32/1000 personeyears, with 31/1000 personeyears
for men and 34/1000 personeyears for women. The median inter-
quartile range time period of follow-up was 12 years (7e12 years).
Risk factors
Constitutional risk factors
The survival analysis showed that the development of knee pain
was not associated with an age of 60 or over (HR 1.00; 95% CI 0.84,
1.19) (Table II). However, people who were female (HR 1.27, 95%
Deceased, no longer 
registered or ineligible
Participants invited for follow up 
3890
Participants free from 
knee pain at baseline 
6559
Participants with data for analysis 
2156
(185 x-rayed at baseline) 
Participants responded 
2195
(Response rate 56%) 
Fig. 1. Summary of recruitment.
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1.80, 95% CI 1.37, 2.38) at baseline were more likely to develop knee
pain (Fig. 2). In addition, previous back pain (HR 1.41; 95% CI 1.21,
1.64) and hip pain (HR 1.57; 95% CI 1.31, 1.90) were signiﬁcantly
associated with incidence of knee pain.
Biomechanical risk factors
The risk of incidence of knee pain was greater in those with
early-life varus (HR 1.68; 95% CI 1.15, 2.47), or valgus (HR 1.83, 95%
CI 1.05, 3.20) mal-alignment. Toe-out was found to be signiﬁcantly
associated with incidence of knee pain (HR 1.35; 95% CI 1.10, 1.65)
only if adjusted for age, gender and BMI. However, neither toe-out
nor toe-in appeared to be a signiﬁcant risk factor for theTable I
Demographics of the total study population free from knee pain at baseline; those






N 6559 3890 2195
Age (SD) years 60 (11) 57 (9) 56 (9) <0.001*
Female Gender % 54% 54% 55% 0.487
BMI (SD) kg/m2 25.1 (3.6) 25.2 (3.5) 25.3 (3.4) 0.196
Current smoking % 63% 61% 66% 0.090
Hip pain % 14% 13% 15% 0.561
Back pain % 33 34 34 0.681
* P< 0.001 between total and invited, or total and responders, but P¼ 0.234
between invited and responders with post hoc Bonferroni correction.development of knee pain after the adjustment for knee mal-
alignment (varus or valgus) (Table II). Those who suffered an
early knee injury were over two times likely to develop knee pain
(HR 2.37; 95% CI 1.98, 2.85) than those whowere injury free. People
who did a job that often involved kneeling, knee bending or heavy
lifting had increased risk of developing knee pain (HR 1.19; 95% CI
1.00, 1.41) with borderline statistical signiﬁcance (Table II).
Radiographic OA and incidence of knee pain
Of the cohort followed up, 185 participants had radiographic
assessment for OA at baseline. The incidence of knee pain in the
people with K&L 1 was over three times greater than the people
with K&L¼ 0 (HR 3.43; 95% CI 2.14, 5.74). The results were
consistent across individual compartments and radiographic
features, with different 95% CIs (Table III). The risk, however,
increased to four times (HR 4.37; 95% CI 2.38, 8.01) in people with
K&L 1 in both tibio-femoral and patello-femoral compartments
although this increase was not statistically signiﬁcant (Table III).
Discussion
This is the ﬁrst long-term cohort study attempting to determine
the time to event data for the development of knee pain and
associated risk factors. We used a commonly accepted knee pain
deﬁnition (pain in or around a knee for most days of at least
a month) to speciﬁcally address this common chronic musculo-
skeletal condition in the elderly1,2. There are four differences
between this and previous cohort studies11e13: (1) we measured
both the onset and the time to the onset of knee pain to better
estimate the risk of knee pain; (2) we investigated possible risk
factors without any primary hypothesis to estimate the relative
contribution of each risk factor; (3) we examined both local
structural damage (i.e., radiographic changes of OA) and musculo-
skeletal pain experienced at other body regions prior to incident
knee pain to investigate the peripheral and central mechanism of
knee pain; and (4) we followed up the cohort for 12 years to
establish the stability of the risk estimate.
The population characteristics of this sample show that
responders had no differences from the eligible cohort to follow-
up. Apart from age, responders were in general representative of
the source population (Table I), providing some reassurance of the
representativeness of this cohort for knee pain outcome in the
general population. The age difference between the source pop-
ulation and the cohort was due to the deaths in people with
advanced age.
The average incidence rate of knee pain found in this study is
32/1000 personeyears (i.e., 3.2% per year), similar to those found in
previous studies in knee OA (2.5e3.3% per year)4,8, but lower than
those in knee pain (about 8e10% per year)12,13. Deﬁnition of knee
pain, years of follow-up and population variations may cause the
difference. Older age is a major constitutional risk factor for knee
OA from almost all previous studies, with few exceptions5. We did
not ﬁnd age difference from this cohort. Whether this is due to the
older population and the narrower incidencewindow in this cohort
as speculated in the Framingham study5, or confounding from
other potential risk factors not included in this study remains to be
investigated.
BMI showed a strong association with the development and
incidence of knee pain. This is consistent with other cohort
studies4,5,8,12,13. In addition, we also conﬁrmed knee injury and
occupational risk to be biomechanical risk factors for knee pain
(Table II). A case control study in 3,000 individuals found that early-
life self-reported knee mal-alignment (especially varus) is associ-
ated with the later development of knee OA15. The exact same
self-reported instrument was used in this longitudinal 12-year
Table II
Constitutional/biomechanical risk factors and incidence of knee pain (n¼ 2015)
Risk factors Incidence (%) HR (95% CI)
Crude Adjusted 1 Adjusted 2
Age
<60 488/1407 (35%) 1 1 1
60 254/749 (34%) 0.97 (0.83, 1.12) 0.96 (0.83, 1.12) 1.00 (0.84, 1.19)
Gender
Men 316/975 (32%) 1 1 1
Women 426/1181 (36%) 1.10 (0.95, 1.27) 1.13 (0.97, 1.31) 1.27 (1.08, 1.49)
BMI
Normal (<25) 284/958 (30%) 1 1 1
Overweight (25e30) 360/989 (36%) 1.29 (1.11, 1.51) 1.32 (1.12, 1.54) 1.33 (1.12, 1.57)
Obese (>30) 73/150 (49%) 1.87 (1.44, 2.41) 1.88 (1.45, 2.43) 1.80 (1.37, 2.38)
Knee alignment
Normal 668/1976 (34%) 1 1 1
Varus 32/63 (51%) 1.66 (1.17, 2.37) 1.90 (1.33, 2.72) 1.68 (1.15, 2.47)
Valgus 14/29 (48%) 1.55 (0.91, 2.62) 1.60 (0.93, 2.72) 1.83 (1.05, 3.20)
Foot alignment
Normal 575/1735 (33%) 1 1 1
Toe-out 119/277 (43%) 1.36 (1.12, 1.67) 1.35 (1.10, 1.65) 1.23 (0.99, 1.53)
Toe-in 14/39 (36%) 1.09 (0.64, 1.86) 1.14 (0.67, 1.95) 1.08 (0.62, 1.88)
Knee injury
No 543/1827 (30%) 1 1 1
Yes 188/299 (63%) 2.58 (2.19, 3.05) 2.52 (2.12, 2.99) 2.37 (1.98, 2.85)
Occupational risks
No 403/1248 (32%) 1 1 1
Yes 219/586 (37%) 1.19 (1.01, 1.40) 1.20 (1.02, 1.42) 1.19 (1.00, 1.41)
Adjusted 1: HR was adjusted for age, gender, BMI. Adjusted 2: HR was adjusted for all other factors included in the table, where varus or valgus and toe-out or toe-in were
considered as a single covariate when calculating adjusted HR for other risk factors.
Table III
Radiographic OA features at baseline and incidence of knee pain (n¼ 185)
Radiographic features at
baseline
Incidence (%) HR (95% CI)
S.L. Ingham et al. / Osteoarthritis and Cartilage 19 (2011) 847e852850cohort study, in which we conﬁrm that a varus or valgus knee is
a cause of knee pain e a surrogate clinical marker of knee OA3.
There is some evidence showing that varus and valgus knee may be
related to different compartment changes17. Epidemiological
studies in knee OA tend to show more positive associations with
varus than valgus15,18. This is especially true when examining the
interaction with other risk factors such as BMI and occupational
risk15,19. We found that in this study, adjustment for toe-out or toe-
in would lead to the different conclusion for the association
between valgus and knee pain. The HR was 2.04 (95% CI 1.15, 3.63)
when toe-out was adjusted, whereas it was 1.89 (0.96, 3.71) when
toe-in was adjusted. This suggests that there may be an interaction
between knee and foot alignment. Nevertheless, only 3% of people
in this cohort reported the early-life varus knee mal-alignment andFig. 2. Survival curves (cumulative probability of knee pain upon time) according to
BMI.only 1% reported valgus knee mal-alignment. Further cohort
studies are therefore required to conﬁrm the results.
Foot alignment may inﬂuence the distribution of body load
bearing across different compartment of the knee. A toe-out
alignment redistributes load from the medial to the lateral tibio-
femoral compartment during the late phase of gait20e23. This can be
used to modulate forces through the different compartments of the
knee while walking24 and may reduce progression of establishedCrude Adjusted*
Osteophytes:
No (0) 34/119 (29%) 1 1
Yes (1) 39/66 (59%) 2.56 (1.61, 4.06) 2.48 (1.52, 4.06)
Isolated tibio-fem JSN:
No (0) 61/169 (36%) 1 1
Yes (1) 12/16 (75%) 2.57 (1.38, 4.79) 2.23 (1.18, 4.23)
Isolated patello-fem JSN:
No (0) 54/158 (34%) 1 1
Yes (1) 19/27 (70%) 2.75 (1.62, 4.64) 2.63 (1.54, 4.51)
Isolated tibio-fem OA:
K&L¼ 0 31/118 (26%) 1 1
K&L 1 7/13 (54%) 2.33 (1.02, 5.29) 2.18 (0.91, 5.26)
Isolated patello-fem OA:
K&L¼ 0 31/118 (26%) 1 1
K&L 1 9/20 (45%) 1.93 (0.92, 4.05) 2.08 (0.98, 4.44)
Any compartment OA:
K&L¼ 0 112/144 (78%) 1 1
K&L 1 9/41 (22%) 3.43 (2.14, 5.47) 3.10 (1.84, 5.20)
Tibio-fem & patello-fem OA:
K&L¼ 0 31/118 (26%) 1 1
K&L 1 6/34 (18%) 4.04 (2.39, 6.83) 4.37 (2.38, 8.01)
Chondrocalcinosis:
No 70/180 (39%) 1 1
Yes 3/5 (60%) 2.02 (0.64, 6.41) 1.74 (0.54, 5.65)
* Only basic adjustment (age, gender and BMI) was undertaken due to the small
sample size.
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toe-in alignment appears to increase the risk of knee pain after the
adjustment for any knee mal-alignment. This suggest again as
discussed before, foot alignment should be examined together with
other biomechanical risk factors in order to better undertake the
aetiology of the disease.
Knee pain is a complex malady associated with peripheral as
well as central pain mechanisms26. This has been supported by
many observations including the discordance between knee pain
and underlying radiographic OA change, and pain at other sites of
the body being a possible risk factor for knee pain associated with
OA12,27. Our study supports occurrence of pain at other regions,
speciﬁcally the back or hips, as a risk factor for incident knee pain,
suggesting that knee pain in some individuals may in part be
a feature of a more widespread chronic pain syndrome. Neverthe-
less, our study also demonstrates that existing structural changes of
OA are a risk factor for future knee pain, supporting the importance
of local factors in peripheral pain production and causality between
OA structural change and pain at the knee28.
There are several limitations for this study. Firstly it is a retro-
spective cohort study, and is therefore open to recall bias for the
exposures (e.g., onset of knee pain, knee/foot mal-alignment and
occupational risks etc) collected at follow-up. Secondly the time to
event data was obtained through a self-reported questionnaire.
Although it was measurable, participants often found it difﬁcult to
be precise with their answers. We had to conﬁrm information with
other questions related to the time to event data, which may have
caused information bias. Thirdly, almost half of the baseline pop-
ulation dropped out due to high death rate and migration from
their original general practices, challenging the representativeness
of the population sample. We therefore provided a table (Table I) to
allow comparison between the total population and the population
at follow-up. Fourthly, the sample size of the radiographic subset
was only 185 and the sample was not randomly selected from the
total population. The radiographic association (Table III) requires
further investigation.
In summary, this is the ﬁrst cohort study attempting to collect
the time to event data of knee pain over a 12-year period. The
incidence of knee pain in Nottinghamshire is 32/1000 persone
years in people aged over 40 years. Risk factors associated with the
development and incidence of knee pain include: female gender,
BMI, knee injury, occupational risk, varus/valgus knee mal-align-
ment, pain on other sites of the body and pre-existing radiographic
OA.
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